Purpose: To assess the risk factors and outcomes associated with fungemia caused by the six most commonly occurring Candida species in patients with and without malignancies.
Introduction
Candidemia currently represent up to 10% of nosocomial bloodstream infections [1] [2] [3] with associated mortality, increased length of stay and cost [4] . It is therefore a public health concern everywhere [5] . Among the risk factors, hematological malignancies and solid tumors represent a large proportion [6, 7] . Many changes have occurred over the last decade with the increased incidence of fungemia due to Candida glabrata at least in some settings [8, 9] , the availability of echinocandins [10] [11] [12] and new broad-spectrum triazoles prophylaxis in hematology, the implementation of management guidelines [13, 14] , and better suspicion/awareness of clinicians. Whether or not all these changes impact the characteristics and outcome of candidemia among adults with malignancy needs to be further investigated. Several retrospective monocentric studies described the local epidemiology of candidemia among patients with malignancy [15] [16] [17] and only two recent prospective studies concerned cancer patients [18, 19] . No study has ever analyzed the characteristics and outcome of infection in patients with solid tumor or hematological malignancy developing candidemia and the impact of their hospitalization in intensive care unit (ICU) [20] .
We launched in 2002 a large prospective hospital-based surveillance program on patients developing candidemia in the Paris area and recently reported the characteristics of patients hospitalized in ICU [9] and of those who developed fungemia due to rare yeasts [21] . The goal of the present study was to characterize over more than a decade Candida spp. distribution and prognostic factors according to underlying malignancy and ICU hospitalization. We also determined if the context associated with non-albicans candidemia was suggestive enough to help the clinician with the first therapeutic choice.
Materials and methods

Population studied and isolates characterization
A sustainable active surveillance program on yeast fungemia (YEASTS program) was implemented with participation of 26 short-stay university hospitals in the Paris area. All blood cultures positive with yeasts were notified, with data completed on a standardized form, on a secured website. All isolates were sent to the French National Reference Center for Invasive Mycoses and Antifungals (NRCMA). There, purity and identification were assessed [22] and in vitro susceptibility testing performed according to the EUCAST procedure [23] . The current analysis concerns the incident episodes of candidemia recorded in patients aged at least 15 years old between October 2002 and December 2014, and due to C. albicans, C. glabrata, C. tropicalis, C. parapsilosis complex that includes C. metapsilosis and C. orthopsilosis (hereafter named C. parapsilosis), C. krusei (current name Pichia kudriavzevii), and C. kefyr (current name Kluyveromyces marxianus). Single and mixed (>1 species) infections were considered.
Definitions
The date of candidemia was that of blood sampling (day 0). Patients were assigned to one of three groups: hematological malignancy, solid tumor ("oncology"), or "no malignancy". Surgery and antifungal preexposure (whatever dosage and duration) occurring within 30 days prior to candidemia were recorded. First-line antifungal therapy was analyzed only for patients for whom the positivity of the blood culture was known before death and was categorized into four groups: "fluconazole", "echinocandins", "other treatments" (all other antifungals and drug combinations), and "no antifungals". Antifungal drug resistance was defined as minimum inhibitory concentration (MIC) ≥8 mg/L [24] for fluconazole and MIC >0.25 mg/L for caspofungin [25] .
Statistical analysis
Univariate analysis was based on Chi2 or Fisher's exact test when needed for discrete variables. Kruskal-Wallis test was used to compare means for groups with unequal variances. Chi2 test for trends was used to determine trends over time. In order to identify risks factors for fungemia due to non-albicans Candida species, a multinomial regression analysis was performed that analyzed parameters suggesting infection by a given species or by multiple species based on information available at the time of the positive blood culture. The most common species, i.e., C. albicans, was used as reference to avoid blurring the picture by changing the reference for each species. All baseline variables representing pre-existing conditions before fungemia were first included in a full model and only risk factors significantly associated (p < 0.05) with at least one species were kept in the final model adjusted on the year of fungemia.
To identify risk factors associated with death (crude death rate at day 30 or day 8), backward stepwise logistic regression models adjusted for the hospital and the year of inclusion were used for all patients and the three groups. First, non-colinear covariates with a p value under 0.25 in the univariate analysis were simultaneously entered into the models and then removed one by one until all of the covariates remaining in the reduced models had a p value under 0.05. Survivals were compared by the logrank test. Data were analyzed using Stata Statistical Software (version 12.0; College Station, TX).
Results
Characteristics of patients with candidemia according to the presence of malignancy and/or hospitalization in ICU
A total of 3417 adults were diagnosed with candidemia, for a total of 3572 episodes (Fig. 1 (Table S2 ) and those with digestive tumors (Table S3) .
The most frequent first-line treatment was fluconazole (51.2%) or echinocandin (29.7%) with major differences according to the underlying disease and stay in ICU (Tables 1, S1-S3). Prescriptions were similar in vs. outside ICU for hematology patients but not in others. The proportion of patients who received no antifungal drug was similar in the three groups whether in or outside ICU.
Species distribution and impact of ICU hospitalization and underlying disease
Of the 3666 isolates recovered, 737 (20.1%) were considered resistant to fluconazole. The vast majority (89%) was composed of C. glabrata (76.1% of them) and C. krusei (all), and a few isolates of C. parapsilosis (7.5%), C. tropicalis (8.4%), and C. albicans (0.8%). A caspofungin MIC >0.25 µg/mL concerned 211 (6.5%) isolates including 41.5% of the C. parapsilosis, and few C. albicans and C. tropicalis (0.7% each), C. glabrata (2.5%), C. krusei (2.6%), and C. kefyr (1.7%). The proportion of patients preexposed to antifungals was significantly higher in hematology (Table 1) , especially those with AL (Table S2) , with no impact of ICU hospitalization. In oncology, the proportion of breakthrough infections was low and similar to that recorded in patients with no malignancy. However, oncology patients had twice as many breakthrough infections when in ICU compared to outside ICU, whereas the figures did not change for patients with no malignancy (Table S1) .
Mixed infection accounted for 3.3% of all episodes, less frequently in hematology patients (Table 1) . Species involved differed significantly (p < 0.001) between single and mixed infection, the latter involving predominantly C. albicans and C. glabrata (Fig. 1) . The interval between sampling and blood culture positivity varied significantly with almost 40% of the cultures recovered after more than 3 days for C. glabrata compared to more than 40% of the cultures positive in less than 24 h for C. krusei, C. kefyr, and C. tropicalis (p < 0.0001, Fig. 3 ).
For single infections, species distribution varied significantly with the underlying condition and stay in (Tables 1, S1 -S3). C. albicans was the predominant species in all settings, but its proportion was significantly lower in hematology patients compared to those with solid tumor or no malignancy. This decrease was observed specifically in patients with AL, especially in ICU where C. albicans accounted for only 29.4% of the species compared to more than 50% in patients with other hematological malignancies including lymphoma. Candida tropicalis was almost as frequent as C. albicans in ICU patients with AL, and almost twice as much as in the other hematology patients outside ICU. ICU patients with lymphoma had very few C. parapsilosis infections compared to those outside ICU, or to AL patients (Table S2) , as did ICU patients with non-digestive tumors compared to those with digestive tumors, or to all oncology patients outside ICU (Table S3) . Overall, C. parapsilosis was less frequent in ICU than outside ICU in both hematology and oncology patients (Table 1) . Candida glabrata was more frequent in oncology than in hematology patients and those with no malignancy, and even more in ICU. The proportion of C. glabrata was significantly higher outside ICU in oncology patients with digestive tumor than in those without, whereas it was similar in ICU. Finally, C. kefyr was more frequent in hematology patients, whether in ICU or not ( Table 1) .
The multinomial analysis uncovered independent factors that were associated with a given species ( Table 2) . Relative to patients infected by C. albicans, those infected by C. glabrata were older, had more frequent digestive tumors, and were less likely to have HIV infection. Those infected by C. krusei had more frequent nondigestive tumors, AL, or lymphoma, and less frequent surgery. Those infected by C. parapsilosis were more often younger and male, had a central venous catheter, and were less likely to be hospitalized in ICU or to have HIV infection. Those with C. tropicalis were more often male, more likely suffering from AL or other hematological malignancies. Those with C. kefyr were more likely to have AL and be 65-79 years old. Multiple species infection were more likely in the context of intravenous drug addiction, with a trend to be more likely in patients with central venous catheter and non-digestive solid tumors. Finally, preexposure to fluconazole was independently associated with infection by C. glabrata and C. krusei while preexposure to caspofungin predisposed to infection by C. glabrata, C. krusei, and C. parapsilosis.
Outcome
Survival was significantly decreased in ICU (Fig. 2 , logrank test p < 0.0001). The crude death rate at day 30 was overall increased in ICU and this was related to an increased rate in patients with no malignancy (Tables 1,  S1 ). The crude day 30 death rate was similar when hospitalized in ICU and not influenced by the underlying malignancy (Tables S2-S3 ). The crude death rate at day 30 outside ICU was significantly increased in oncology patients compared to others, and this was related to a significantly increase in delayed death rate (Table 1) .
We then analyzed the independent risk factors for death following fungemia due to single species according to its timing and to the groups (Tables 3, S4 ). For the entire population and each group, the lack of antifungal drug prescription and hospitalization in ICU (the latter not for early death in hematology and oncology patients) were identified as risk factors for death. The odds of death at day 30 was increased in oncology patients compared to patients with no malignancy. Compared to C. albicans, C. glabrata and C. parapsilosis were associated with a decreased risk of day 8 and day 30 deaths (all patients, oncology patients), while only C. parapsilosis was in patients with no malignancy (day 8 and day 30). Of note, the risk of early death was 3.07 (p = 0.052) for C. kefyr infection in oncology patients. The species had no influence on the risk of death for hematology patients. Recent surgery was associated with a decreased risk of day 8 (all patients) and day 30 death (all patients, oncology, no malignancy), while preexposure to echinocandins was associated with an increased risk of death in patients with no malignancy.
Trends over a decade
There was no significative trend over time for the major characteristics of the patients, including the proportion of older patients, lymphoma, and HSCT among the hematological malignancies, or of digestive origin among the solid tumors. Preexposure to antifungals did not vary for fluconazole, whereas preexposure to echinocandins significantly increased in the global population, and in the three groups, but only in ICU (chi2 for trends, p = 0.015 for hematology, p = 0.022 for oncology, and p = 0.0395 for no malignancy). The proportion of C. parapsilosis significantly decreased in patients with solid tumor (from 15.4% to 5.6%, p = 0.026). There was no increase in the proportion of resistant isolates among those of species intrinsically susceptible to fluconazole or caspofungin. After candidemia diagnosis, fluconazole first-line prescription decreased (from 59.8% to 29.8%, p < 0.0001), while echinocandin first-line therapy increased (from 4.9% to 57.6%, p < 0.0001), with the same trends observed when analyzing specifically the three groups. Finally, there was no trend in crude mortality among hematology patients in or outside ICU. There Data are mean ± SD or n/N (%)-denominator is specified when data are missing a Denominator represents the number of patients for whom the positivity of the blood culture was known before death and/or for whom the information about treatment was recorded b Precise date of death was missing, preventing definition of "early death" or "late death" in the corresponding patients 
Discussion
We used a prospective multicentric hospital-based surveillance program to analyze whether fungemia due to common Candida species differed depending on the underlying disease and what the impact of ICU hospitalization was. Malignancies currently represent approximately 35% of underlying diseases during candidemia [7, 26] lower than what we found (50.5%). Candidemia represents approximately 30% of invasive fungal infections in hematology patients [27] , mostly in those with AL [28, 29] , whereas a predominance of lymphoma was observed here. The incidence of fungemia (90% candidemia) is reported at 0.23%/145,030 admissions in 13 European cancer centers [19] and at 0.14% in nine hematology centers in Greece [18] . In France, an incidence of 2.5/100,000 population/year was reported with significant increase in the hematology and oncology populations [30] . Overall, a higher proportion of C. tropicalis and C. krusei [7, [31] [32] [33] [34] , C. kefyr [35] , and sometimes C. glabrata [32] fungemia is found in hematology, and multi-species episodes are more frequent in oncology [36] . We and others evidenced the impact of preexposure to antifungals on the distribution of Candida species [22, 37, 38] , and that duration of fluconazole exposure influences the risk of C. krusei fungemia in hematology [6, 39] . We observed less C. albicans in hematology, that being related to AL patients. Less C. parapsilosis was observed in ICU, which may reflect more drastic hygiene procedures there. These observations were reinforced by those of the multinomial analysis demonstrating independent factors of being infected by a given Candida species.
Crude mortality at day 30 in hematology patients was comparable to former series [18, 40] . It was higher for oncology patients than for the other two groups outside ICU, and hospitalization in ICU increased mortality. One may speculate that the better early outcome found in patients with AL outside ICU may be related to early empiric antifungal therapy administered during prolonged febrile neutropenia. However, crude mortality in ICU was not influenced by underlying disease, which suggests that organ failure(s) was (were) probably the major determinant(s) of outcome. The worrisome trend in the evolution of candidemia mortality that we reported in ICU [9] is explained by the outcome in oncology patients, suggesting that specific actions should now be focused on this currently rising population. One can hypothesize that the oncology patients sent to ICU now have more severe illnesses. Using the multivariate analysis, we showed that the independent risk factors for death varied depending on the underlying disease. In hematology patients, the species recovered from blood culture did not influence death nor did the type of hematological malignancy, while the age and hospitalization in ICU did. In oncology patients and in patients with no malignancy, other factors influenced survival.
Being infected by C. parapsilosis or C. glabrata was independently associated with a more favorable outcome. In the multinomial analysis, we found that, in comparison to those infected by C. albicans, patients with C. glabrata infections were more often very old, more often had digestive tumors, and were more often preexposed to echinocandins or fluconazole. These factors were also independently associated with death at day 30. It is possible that the observation by others [41] that patients infected by C. glabrata have a higher crude mortality can be related to specificity of the cohort (249 patients with candidemia, 23 infected by C. glabrata) studied in several centers in 1992-1994 and to preexposure to antifungals, reflecting more severe cases as already described in the ICU population [42] rather than to the species itself. Evolution of patients' management may indeed at least partially explain the discrepant results. Recent studies found that antifungal treatment was an independent factor decreasing both early and late death [31] and that echinocandins as first-line therapy reduced death rate [43] . As already reported [44] and shown here, a major observation is that a constant risk factor for death was the lack of antifungal prescription despite knowledge of the blood culture positivity, with no influence of the initial antifungal choice. In contrast to what is observed in the USA [7, 45] , resistance to antifungals is not yet of concern in our area, with overall less than 1% resistance to caspofungin in isolates not identified as C. parapsilosis, less than 2.3% resistance to fluconazole in isolates not identified as C. krusei or C. glabrata, and no increase in these figures over time. Thus, we would recommend early prescription of antifungals based on the most likely species and the known susceptibility profile of its wild-type isolates rather than waiting for the precise identification and a fortiori for MIC determination. It may later be appropriate to switch to a more adapted treatment as recently validated in ICU [46] . The limitations of our database are the restriction to one city, the lack of information regarding severity of illness, the duration of candidemic period, central venous catheter removal [26] , lack of consideration of antifungal dosing issues [47] [48] [49] , and delayed initiation of adequate antifungal therapy [47, 50, 51] , concomitant mold infections, or bacteremia.
Even if we are fully aware that characteristics of candidemia are highly variable, especially in terms of species distribution, we think that our data are relevant for hematologists, oncologists, and ICU physicians practicing in the Western world. Indeed, characteristics and risk factors for death during candidemia differ in patients with hematological malignancies from those with solid tumors. Furthermore, the odds of infection by a given Candida species was influenced not only by host underlying disease but also by hopitalization in ICU and preexposure to antifungal drugs.
